The synthesis of several 1-substituted cis-bicyclo [3.3.0]octane-3,7-dione derivatives as potential precursors of a triquinacene having a pyramidalized C=C bond from ethyl cis-3,7-dioxobicyclo-[3.3.0]octane-1-carboxylate is described.
Introduction
For several years, we have been working on the generation, trapping and dimerization of highly pyramidalized alkenes containing the skeleton of tricyclo[3.3.0.0 3, 7 ]oct-1(5)-ene 2. 1 These alkenes are very reactive and can not be isolated, but they can be trapped as Diels-Alder adducts with various dienophiles. In the absence of a dienophile, these pyramidalized alkenes usually dimerize in a [2+2] cycloaddition to give cyclobutane dimers 3, which under the standard reaction conditions of their generation (molten sodium in boiling 1,4-dioxane) are transformed into diene dimers 4 (Scheme 1). 
Results and Discussion
Compound 17 was prepared as described 4 from oxalic acid monoethyl ester chloride by reaction with diazomethane, followed by oxidation of the formed -diazoketone with dimethyldioxirane. Reaction of 17 with dimethyl acetonedicarboxylate 18 in water containing sodium bicarbonate gave a mixture of compounds 19 and 20 as previously described. 5 Analytically pure samples of compounds 19 (9%) and 20 (11%) were isolated from the reaction mixture by column chromatography. For the preparation of diketone 22, the reaction mixture obtained from 17 and 18 was directly submitted to hydrolysis and decarboxylation under the Krapcho conditions. Column chromatography of the resulting mixture gave the new diketo ester 22 and a compound that was characterized as ethyl 2-methyl-4-oxocyclopent-2-enecarboxylate 21 (Scheme 5). The keto functions of diketoester 22 were protected with 2,2-dimethylpropane-1,3-diol to give acetal 23 in high yield, which was reduced with lithium aluminum hydride (LAH) to alcohol 24. Tosylation of alcohol 24 gave the corresponding tosylate 25 (Scheme 5).
For the introduction of the (3-cyclopentenyl)methyl group in alcohol 24, (3-cyclopentenyl)-methanol 26 and the corresponding tosylate 27 were prepared as described. Reaction of cis-1,4-dichloro-2-butene with the lithium salt of dimethyl malonate gave dimethyl 3-cyclopentene-1,1-dicarboxylate. 5 Hydrolysis and decarboxylation of this diester gave 3-cyclopentenecarboxylic acid, which was reduced with LAH to alcohol 26. 6 Reaction of alcohol 26 with tosyl chloride gave the corresponding tosylate 27. 7 First, we synthesized ether 28 by reaction of alcohol 24 with tosylate 27. However and to our surprise, the yield of ether 28 was only 19%, tosylate 25 was isolated in 27% yield, and a large Scheme 7. Transformations of 28. (i) MCPBA, DCM, rt, 1 h, 32 (94%). (ii) Ce(NH4)2(NO3)6, CH3CN/H2O, 65 ºC, 5 min, 14 (44%). (iii) 35% HCl, THF, rt, 2 h, 33 (61%). (iv) MCPBA, DCM, rt, 1.5 h, 34 (63%). (v) LiHMDS (2.4 equiv), toluene, 68 ºC to rt, 24 h; or LiHMDS (2.4 equiv), toluene, Sc(OTf)3 (1.2 equiv), 68 ºC to rt, 24 h; or LiHMDS (2.4 equiv), THF, 78 ºC to rt, 24 h; or LiHMDS (2.4 equiv), THF, BF3·Et2O (1.2 equiv), 78 ºC to rt, 24 h. Swern oxidation of this mixture gave the expected product 31, which exists essentially in the enol form, as evidenced by the comparison of significant 13 C NMR signals of the 2-hydroxycyclopent-2-en-1-one moiety of 31 (1-C 203.0, 2-C 153.2, 3-C 130.5) with the corresponding signals of a model compound, 4-(n-hexyl)-2-hydroxycyclopent-2-en-1-one (1-C 203.3, 2-C 152.0, 3-C 133.3). 8 Attempts to convert enol 31 into dihydroxydione 12 (hydrolysis and two intramolecular aldol condensations) or into the corresponding acetal with p-TsOH in acetone gave a mixture, in which 31 had disappeared but the expected products were not detected. , dihydroxydione 12 is by far the most stable among 12 possible stereoisomers  derived from enol 31 by hydrolysis and double intramolecular aldol condensation, as established  by theoretical methods (MM3,  9 AM1,  10 and PM3  11 ) . However, among the 16 stereoisomers of hydrolysis and monocondensation products derived from enol 31, the precursor of dihydroxydione 12 and several other stereoisomers showed similar stabilities according to the above theoretical methods.
Noteworthy
In view of this result and having ether 28 in hand, we attempted an alternative approach to the skeleton of compound 12 in a stepwise way (Scheme 7). To this end, ether 28 was epoxidized with m-chloroperoxybenzoic acid (MCPBA) to give a mixture of stereoisomeric epoxides 32 in a ratio close to 1:3 ( 1 H NMR). Attempts to hydrolyze this mixture under various acidic conditions (MsOH, H2SO4, p-TsOH) gave complex product mixtures with not only the acetal functions hydrolyzed but also the epoxide reacted. When the hydrolysis was carried out with 35% HCl in THF, a stereoisomeric mixture of chlorohydrins 33 was obtained. In order to obtain epoxide 34, we first carried out the hydrolysis of the acetal functions of compound 28 by reaction with Ce(IV) ammonium nitrate. 12 Under these conditions, diketone 14 was obtained in 44% yield. Epoxidation of diketone 14 with MCPBA gave a mixture of stereoisomeric epoxides 34 in 63% yield. However, all attempts to transform this compound into the tricyclic derivative 35 on reaction with an excess of lithium hexamethyldisilazide (LiHMDS) in toluene or THF, in the presence of Sc(III) triflate or boron trifluoride etherate 13 were fruitless, always leading to complex mixtures of unidentified products.
Conclusions
In conclusion we have prepared a series of 1-substituted cis-bicyclo[3.3.0]octane-3,7-dione derivatives as potential precursors of a triquinacene having a pyramidalized C=C bond. In spite of very favorable expectations based on different theoretical calculations, the double aldol condensation of compound 31 that should provide the tetracyclic dihydroxydione 12 failed to give any defined product. Also, the intramolecular condensation of diketoepoxide 34 to diketoalcohol 35 failed to give any defined product. Work is in progress to prepare a derivative of general structure 8 through other synthetic approaches.
Experimental Section
General. Melting points were determined with a MFB 595010 M Gallenkamp melting point apparatus.
1 H NMR spectra were recorded on Varian-Gemini 200 (200 MHz), Varian Gemini-300 (300 MHz), Varian Mercury-400 (400 MHz), or Varian VXR-500 (500 MHz) spectrometers. C heterocorrelation spectra (gHSQC and gHMBC, respectively) were performed on a Varian VXR-500 spectrometer. Chemical shifts are given in  scale and the coupling constants in Hz. IR spectra were registered on a FTIR PerkinElmer model 1600 or a PerkinElmer Spectrum RX1 spectrometer. MS and GC/MS analyses were carried out on a Hewlett-Packard HP-5988A spectrometer, the sample being introduced directly or through a gas chromatograph (Hewlett.Packard model 5890 Series II) using a 30-m column (HP-45, 5% diphenyl-95% dimethylpolysiloxane), conditions: 10 psi, initial temperature 100 °C (2 min), then heating at a rate of 10 ºC/min up to 250 ºC, then isothermic. . To a solution of NaHCO3 (6.41 g, 76.3 mmol) in water (460 mL), dimethyl acetone-1,3-dicarboxylate 18 (23.9 g, 137 mmol) and ethyl 2,3-dioxopropanoate (17; 10.2 g, 69 mmol) were added; the mixture was vigorously stirred at room temperature for 4 d. The mixture was acidified to pH 1 with 6N HCl and then extracted with DCM (3×275 mL). The organic extracts were combined, dried (anhydrous Na2SO4), and concentrated in vacuo to give a residue (30.8 g). Part of this residue (4.9 g) was subjected to column chromatography (silica gel, 100 g; hexane/EtOAc 85:15); 20 (0.46 g, 9%) and 19 (0.48 g, 11%) were eluted in this order. The 1 H and 13 C NMR data of compounds 19 and 20 matched those previously described. 5 The rest of the above residue (25.9 g) was taken up in DMSO (47 mL); water (12 mL) and finely ground NaCl (3.5 g) were added, the mixture was heated to 180 °C for 4 h, then allowed to cool to room temperature and concentrated in vacuo. The residue (18.9 g) was subjected to column chromagraphy (silica gel, 190 g; hexane/EtOAc 9:1); 21 (1.9 g, 19%) and 22 (4.3 g, 36%) were eluted in this order. Analytical samples were obtained as colorless oils by distillation in a rotary microdistillation equipment at 130 °C/0.1 Torr and 150 °C/0.1 Torr, respectively. To a suspension of LAH (0.36 g, 9.5 mmol) in anhydrous Et2O (12 mL), a solution of acetal 23 (1.18 g, 3.1 mmol) in anhydrous Et2O (40 mL) was added and the mixture was stirred at room temperature for 1.5 h. Water (3 mL) was slowly added and the formed suspension was filtered. Concentration of the filtrate in vacuo gave alcohol 24 (1.03 g, 98%) as white solid. White crystals (from Et2O); mp 109.5110. 8 2,2-dimethyl-1,3-propylidenedioxy)-cis-bicyclo[3.3 .0]oct-1-yl]methyl tosylate (25). To a cold (0 °C) solution of alcohol 24 (1.00 g, 2.9 mmol) in pyridine (3.5 mL), tosyl chloride (0.71 g, 3.7 mmol) was added in portions for 15 min. The mixture was stirred at 0 °C for 1.5 h and then it was kept at 4 °C for 21 h. The mixture was poured on to a mixture of ice (15 g) and 35% HCl (3 mL) and it was extracted with DCM (2×20 mL). The combined organic extracts were dried (anhydrous Na2SO4) and concentrated in vacuo to give tosylate 25 as white solid To a magnetically stirred suspension of NaH (12 mg, 60% content, 0.28 mmol) in anhydrous toluene (0.5 mL) under an argon atmosphere, a solution of alcohol 24 (85 mg, 0.25 mmol) in the same solvent (0.5 mL) was added and the mixture was stirred until no more hydrogen was evolved. Then, a solution of tosylate 27 (76 mg, 0.30 mmol) in anhydrous toluene (0.5 mL) was added dropwise and the mixture was heated under reflux for 3.5 h, following the evolution of the reaction by TLC. The mixture was allowed to cool to room temperature, was washed with water (3×2 mL). The organic phase was dried (anhydrous Na2SO4) and concentrated in vacuo to give a residue (123 mg) that was subjected to column chromatography (neutral aluminum oxide, 6 g; hexane). To a magnetically stirred suspension of NaH (127 mg, 55% content, 2.9 mmol) in anhydrous toluene (1 mL) under an argon atmosphere, a solution of alcohol 26 (228 mg, 2.3 mmol) in anhydrous toluene (1 mL) was added and the mixture was stirred until no more hydrogen was evolved. Then, a solution of tosylate 25 (960 mg, 1.93 mmol) in anhydrous toluene (2 mL) was added dropwise and the mixture was heated under reflux for 19 h, following the evolution of the reaction by TLC. The mixture was allowed to cool to room temperature and was washed with water (2×10 mL). The organic phase was dried (anhydrous Na2SO4) and concentrated in vacuo to give a residue (857 mg) that was subjected to column chromatography (neutral aluminum oxide, 35 g; hexane/EtOAc mixtures). Ether 29 (106 mg, 52% from 26) was eluted with hexane, the expected ether 28 (355 mg, 44% from 25) was eluted with hexane/EtOAc 95:5 and alcohol 24 (287 mg, 44% from 25) was eluted with EtOAc. of (1r,2c,4t)-and (1r,2c,4c)-4-{[3,3:7,7-bis-(2,2-dimethyl-1,3-propylidenedioxy)-cisbicyclo[3.3.0]oct-1-yl]methoxymethyl}cyclopentane-1,2-diol (30) . To a cold (0 °C) suspension of K2OsO4·2H2O (7.6 mg, 0.02 mmol) and N-methylmorpholine N-oxide (NMO, 161 mg, 1.37 mmol) in a mixture of water/t-BuOH 1:1 (1.3 mL), a solution of ether 28 (474 mg, 1.13 mmol) in acetone (3 mL) was added dropwise and the mixture was magnetically stirred for 15 min at 0 °C and then for 4 h at room temperature. The mixture was concentrated in vacuo and the residue (553 mg), containing mainly one stereoisomeric diol, was used as such in the next step. 2,2-dimethyl-1,3-propylidenedioxy)-cis-bicyclo[3.3.0]oct-1-yl] methoxymethyl]]-2-hydroxycyclopent-2-en-1-one (31). To a magnetically stirred cold (70 °C, acetone/ CO2 bath) solution of oxalyl chloride (270 L, 3.1 mmol) in DCM (7 mL) under an argon atmosphere, a solution of anhydrous DMSO (470 L, 6.6 mmol) in DCM (1.5 mL) was added. The mixture was stirred for 30 min and then a solution of diol 30 (451 mg, 1.0 mmol) in DCM (2 mL) was added dropwise keeping the temperature below 65 ºC. The mixture was stirred for 2 h at 65 °C, then anhydrous Et3N (1.5 mL) was added and stirring was continued for 1.5 h at this temperature. The reaction mixture was allowed to warm to room temperature, was acidified with cold 1N HCl (20 mL) and was diluted with DCM (20 mL). The organic phase was separated and the aqueous phase was extracted with DCM (20 mL). The organic phase and extracts were combined, washed with brine (2×20 mL), dried (anhydrous Na2SO4) and concentrated in vacuo to give a residue (364 mg) that was subjected to column chromatography (silica gel, 70200 m; hexane/EtOAc mixtures). Upon elution with hexane/EtOAc 8:2, slightly impure enol 31 (182 mg, 41%) was isolated as an oil. IR (NaCl) 
Attempted conversion of (31) into (12)
To a solution of enol 31 (45 mg, 0.1 mmol) in acetone (1.4 mL), p-TsOH·H2O (5 mg) was added and the mixture was magnetically stirred at room temperature for 24 h. The solution was concentrated in vacuo, water (5 mL) and EtOAc were added, the organic phase was separated and the aqueous one was extracted with EtOAc (2×2 mL). The combined organic phases were dried (anhydrous Na2SO4) and concentrated in vacuo to give and oily residue in which no defined product could be detected ( 1 H NMR). To a solution of the stereoisomeric mixture of epoxides 32 (77 mg, 0.18 mmol) in THF (5 mL), 35% HCl (50 L) was added and the mixture was stirred for 2 h at room temperature. After diluting with water (5 mL), the mixture was extracted with EtOAc (3×10 mL). The combined organic extracts were washed with saturated aqueous NaHCO3 solution (2×5 mL) and brine (2×5 mL), dried (anhydrous Na2SO4) and concentrated in vacuo to give an oily residue (67 mg) that was subjected to column chromatography (silica gel, 7 g; hexane/EtOAc mixtures). Upon elution with hexane/EtOAc 2:3 a slightly impure stereoisomeric mixture of chlorohydrins 33 was isolated (51 mg, 61%). . To a warm (70 °C), magnetically stirred solution of ether 28 (119 mg, 0.28 mmol) in acetonitrile (4 mL), a solution of Ce(NH4)2(NO3)6 (769 mg, 1.4 mmol) in water (4 mL) was added. The stirred mixture was heated to 65 °C for 5 min and was then allowed to cool to room temperature. The mixture was extracted with DCM (3×15 mL), the organic extracts were combined, dried (anhydrous Na2SO4) and concentrated in vacuo to give a residue (54 mg) that was subjected to column Attempted conversion of epoxide (34) into alcohol (35) Procedure 1. A solution of (LHMDS) was prepared by adding a solution of n-BuLi (2.5 M in hexanes, 90 L, 0.23 mmol) to a cold (68 °C, acetone/CO2 bath) solution of hexamethyldisilazane (HMDS, 56 L, 0.27 mmol) in anhydrous toluene (0.5 mL). After stirring for 10 min, a solution of the stereoisomeric mixture of epoxide 34 (24 mg, 0.09 mmol) in anhydrous toluene (0.5 mL) was added dropwise. The reaction mixture was stirred at 68 °C for 1 h and then allowed to warm to room temperature for 24 h. The reaction mixture was quenched by addition of saturated aqueous solution of NH4Cl (1 mL) and was extracted with Et2O (3×10 mL). The combined organic extracts were dried (anhydrous Na2SO4) and concentrated in vacuo to give a residue (12 mg) containing mainly epoxide 34 ( 1 H NMR) The aqueous phase was acidified with 1N HCl (5 mL) and was extracted with Et2O (3×10 mL). The combined organic extracts were dried (anhydrous Na2SO4) and concentrated in vacuo to give a residue (19 mg) consisting mainly of epoxide 34. Procedure 2. The reaction was carried out as in procedure 1 and after the addition of 34, Sc(OTf)3 (1.2 equiv) was added. Epoxide 34 was the main component of the crude product. Procedure 3. The reaction was carried out as in procedure 1 using THF instead of toluene as the solvent, with similar result. Procedure 4. The reaction was carried out as in procedure 3 and after the addition of 34, BF3·Et2O in THF (1.2 equiv) was added. Epoxide 34 was the main component of the crude product.
